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Background:
Cervical cancer is one of the leading causes of deaths worldwide. The cancer profile of the Indian state of Uttarakhand reveals that the Breast cancer was most prevalent in female followed by cervical and ovarian cancer [1] . Human Papillomaviruses (HPVs) are the major cause of cervical cancer in the world, involved in 90% of all Cervical Cancers. The HPVs is divided into two groups, the 'low risk' such as (type 6 and 11) and the 'high risk' (type 16 and 18) [2] . Although there are more than 200 types of HPV identified, the most commonly associated with cervical cancer are 'high-risk' HPV-16 and HPV-18 [3] HPV-16 and HPV-18 remain the primary drug targets for the development of anticancer drug. The two HPV genes, E6 and E7, are known to play crucial role in development of cancer. Both in vitro and in vivo experimental studies show that the function of E6 and E7 proteins, particularly of the 'high risk types', are essential for tumor formation [4, 5] . These oncogenes from the HPV-16 and HPV-18 have been showed to alter gene regulatory pathways involved in cell cycle control, interacting with and neutralizing the regulatory functions of two important tumor suppressor proteins, p53 and pRb (Retinoblastoma Protein) and deregulating key signal transduction pathways [6, 7] . HPV has been known to be play a major role in cervical cancer but effective treatment against HPV infection is still unavailable 
Ligand preparation
The Structure of natural compounds derived from plants viz., Colchine (CID 2833), Curcumin (CID 969516), Daphnoretin (CID 5281406), Ellipticine (CID 3213) and Epigallocatechin-3-gallate (CID 65064) were retrieved from PubChem database at (http://www.ncbi.nlm.nih.gov/). These ligands were reported in literature. The three dimensional coordinates of ligands molecules were generated by Marvin Sketch (http: //www.chemaxon.com /product /marvin /marvinsketch /) and saved in *.pdb files for molecular docking studies.
Molecular docking
Molecular docking studies were performed using AutoDock Vina [18] . Preparation of required input files for AutoDock Vina was prepared using AutoDock 4.2 program. Preparation of files through AutoDock 4.2 involved addition of polar hydrogen atoms and gasteiger charges. The size of grid box was kept as 22, 20, 24 for X, Y, Z. The energy range was kept as 4 which is default setting. It is one of the most important highly cited molecular docking tools for the prediction of proteinligand interaction. It requires the three dimensional structure of both ligand and protein. The results with best conformation and energetic were selected for analysis. Ligplot (http://www.ebi.ac.uk/thornton-srv/software/LigPlus/) was used for visualization and analysis of protein-ligand complex [19] .
Drug-likeness prediction
OSIRIS Property Explorer (http: // www.organicchemistry. org /prog/peo/) was used to predict side effects, such as mutagenic, tumorigenic, irritant and reproductive effects which are also providing score for drug-relevant properties with respect to drug-likeness and overall drug-score 
Results and Discussion:
Multiple sequence alignment of five E6 protein sequences from India, USA, China, Canada and Spain were performed using ClustalX [17] and Phylogenetic tree was constructed using Neighbor-Joining method in MEGA6 (Figure 3 ) [16] . Phylogenetic analysis clearly revealed that the E6 protein of Human Papilloma Virus of USA origin is closely related to the Indian and it is experimentally verified, therefore E6 protein sequence from USA (Accession no. AAD33252.1) was preferred for the modeling of 3D structure. BLASTp search revealed one putative template (PDB id: 4GIZ, Chain C) of high-label identity and query coverage with the target sequence, as the best template for comparative modeling. The pair-wise sequence alignment of HPV-16 E6 and template was generated using ClustalX, and alignment was showed in ESPrint 3.0 (Figure 1) . Based on target-template alignment, five different server viz. I-TASSER, Geno-3D, Phyre 2, CPH model and Bhageerath generated protein 3D models of E6.
Structure refinements through energy minimization were performed using ModRefiner server (http: / /zhanglab. ccmb. med. umich.edu /ModRefiner /). The minimized structures were finally saved as Hpv.pdb. The best model was selected based on of its stability assessment by RamPage and ProsaA. The model which had highest percentage of amino acid residues in the favoured region was chosen. Phyre2 Model, having 97.1% of residues in the most favoured region, 2.9% residues was found in additional allowed region and no residue observed in the generously allowed and disallowed region was selected Table 1 (see supplementary material) . The energy profile of the selected model and the Z-score value (a measure of model quality) were obtained using ProsA program that calculates the interaction energy per residue using a distance-based pair potential. Based on ProsA analysis, the model constructed by Phyre2 showed a Z score of -4.46 and that of template as -4.91 which represent the reliability of predicted model Table 2 ( Ligplot were used to study the interaction site analysis [19] . The interaction analysis for binding site of natural compound with E6 protein has been done to find out the residues that play an important role in binding. The Daphnoretin shows highest affinity to bind with E6 protein with energy value -8.3 kcal/mol. It interacts with E6 amino acid residues Tyr39, Cys58, Ser78, Gln114, Arg138 with 5 hydrogen bonds ( Figure  4) . The hydrogen bonding is of considerable importance in the interaction of molecules. On the basis of docking energies natural inhibitor Daphnoretin may be lead compound for prevention of various form of cervical cancer caused by HPV. Hence this information would prove to be important for desiging of novel drug molecules against E6 protein of HPV. 
Conclusion:
The inhibitory effect of natural compounds against E6 protein has been studied by few researchers. Advancements in computational chemistry and bioinformatics are very useful for the investigation of novel inhibitors from natural sources. The E6 protein of HPV-16 inactivates p53, therefore, the process of gene regulation is disturbed, which is a fundamental cause of cervical cancer. Thus, E6 of HPV-16 is of considerable interest for discovery and designing of novel molecule to overcome the challenges. A high-quality three-dimensional model of E6 obtained through in silico approach and molecular docking were performed using AutoDock vina. Daphnoretin was predicted to be the most potent inhibitor amongst all known selected natural compounds that may lead to the inhibition of E6 protein. In vitro and in vivo experimentaion are needed to confirm its efficacy and potency. Further it can be used for design candidate drug with desired biological properties by chemical modification in functional group at appropriate places.
